To investigate the feasibility of determination of right ventricular outflow tract (RVOT) high septal pacing site visualized by real-time three-dimensional echocardiography (RT3DE).
Introduction
Right ventricular outflow tract (RVOT) pacing has been advocated as an alternative to apical pacing to avoid long-term detrimental effects. 1 The RVOT is composed of three anatomic subunits:
free wall, high septum, low septum, which were bordered by the pulmonary valve (PV) superiorly and the crista supraventricular (CS) inferiorly. 2 RVOT pacing site was mainly located by chest X-ray (CXR) currently. However, the X-ray is two-dimensional imaging, so it is difficult to identify the pacing site even if we can visualize the pacing site from different view aspects. 3 Real-time three-dimensional echocardiography (RT3DE) can provide accurate information about cardiac anatomy and function than two-dimensional echocardiography. 4, 5 We hypothesize that RT3DE will clarify the RVOT pacing sites by direct visualization from all aspects. The study aimed to investigate the feasibility of determination of RVOT septal pacing site visualized by RT3DE.
Methods

Study population
Forty patients with underlying complete (n ¼ 30) or second-degree (n ¼ 10) atriaventricular block were recruited in this study. All patients underwent clinically indicated pacemaker implantations on the RVOT septal under the fluoroscopic guidance. Exclusion criteria for all subjects included suboptimal echocardiographic images. The institutional ethics review board of the hospital approved the study and all subjects gave informed consent.
Pacemaker implantation under the fluoroscopic guidance and determination of right ventricular outflow tract pacing sites by chest X-ray
All pacemaker implantation procedures were performed under conscious sedation and local anaesthesia. Pacemaker leads were inserted through the left-sided cephalic or subclavian veins. RVOT septal pacing was performed by a single experienced operator using active fixation leads under fluoroscopic guidance. Briefly, RVOT septal pacing lead was preshaped and was initially advanced into the pulmonary artery (PA) before being withdrawn and actively fixated into the RVOT septum under fluoroscopic guidance. Radiographic determinations of pacing sites were then categorized as septal, non-septal or high septal, non-high septal in the posteroanterior, right anterior oblique, and left anterior oblique views with an attempt to locating on the RVOT high septal as previously described. 6 A standard 12-lead electrocardiogram was obtained in all subjects. Successful RVOT septal pacing typically resulted in positive vectors in inferior leads II, III, and aVF, and a negative or isoelectric vector in lead I. 6 Determination of right ventricular outflow tract pacing sites by real-time three-dimensional echocardiography
Acquisition and analyses of three-dimensional (3D) echocardiographic results were performed after RVOT pacing procedure and the median pacing duration for patients was 56 days (range 14 -372). Transthoracic RT3DE images were acquired from parasternal short-axis views using the IE33 imaging system (Philips IE33, Ultrasound, Bothell, Washington, USA) with a matrix array transducer (X3-1). Care was taken to ensure that the RVOT was placed in the middle of RVOT. Full-volume acquisition was performed using electrocardiographic gating over four consecutive cardiac cycles. Images were reviewed immediately to determine whether the RVOT and the right ventricular free wall were visualized. Further determination of data quality was done in starting arbitrary slice function keys (Plane Adjust) and adjust the position of any split to acquire the RVOT septal imaging ( Figure 1) . We view the cross-section of the RVOT in the direction from CS to PV as a clock on the 3D Live mode of RT3DE. The position of interventricular septum can be clockwise viewed from 4 O'clock to 7 O'clock, free wall from 9 to 3 and the transitional area between the free wall and the interventricular septum from 3 to 4 and from 7 to 9 ( Figure 2 ). RT3DE divides the RVOT into three anatomic subunits: free wall, high septum, low septum on full volume mode of RT3DE. The RVOT septum, which displays to be an elliptic arc surface, is bordered by the pulmonic valve superiorly (high septum) and the CS inferiorly (low septum), the wire tip position can be judged by the relationship with PV ring and CS. The tip near the PV ring indicates its location was on the high septum ( Figure 3) , while the tip near the supraventricular crista indicates its location was on low septum ( Figure 4) . To assess the relative position of the lead within the septum, the so-called outflow tract coefficient was employed, corresponding to the ratio between the distance of the pacing wire from CS and the distance between CS and pulmonic valve ring. The ratio ranged from 0 and 1. If greater than 0.5, the lead is considered on the high septum ( Figure 3) . If the outflow trace coefficient less than 0.5, the lead is considered on low septum ( Figure 4 ).
Reproducibility analysis
To determine the reproducibility of RVOT septal pacing sites for CXR and RT3DE imaging modality, CXR and RT3DE image analysis was repeated by an additional investigator as well as by the same primary reader at least 1 week later. During these repeated analyses, the investigators were blinded to the results of both prior measurements.
Statistical analysis
Continuous data are presented as mean + deviation. Chi-square test was used to compare dichotomous variables. The reproducibility of Figure 2 The location of electrode wire in the right ventricular outflow tract cross-section can be displayed on threedimensional Live mode of real-time three-dimension echocardiography. The septum was located on the lower margin (4 -7 O'clock position) and the free wall on the high margin (9 -3 O'clock position). 3 -4, 7 -9 are both transitional zones. Figure 1 Real-time three-dimensional echocardiography showed the three-dimensional anatomy of right ventricular outflow tract septal. The right ventricular outflow tract is a large area comprising right ventricular free wall, high and low septum located by distance between crista supraventricular and pulmonary valve. CS, crista supraventricular; PV, pulmonary valve; RVOT, right ventricular outflow tract; RT3DE, real-time three-dimension echocardiography.
Real-time three-dimensional echocardiographic determination the CXR or RT3DE-derived measurements of RVOT pacing sites was evaluated by calculating the intra-observer and inter-observer variability, which was defined as the absolute difference between the corresponding repeated measurements expressed by the per cent of their mean. Inter-and intra-observer variability was examined using Bland -Altman analysis. Kappa was used to test agreements among fluoroscopic and echocardiographic determinations of RVOT pacing sites. A two-tailed P -value ,0.05 was considered statistically significant. All statistical analyses were performed using SPSS 11.0 for windows.
Results
Baseline clinical characteristics of patients are presented in Table 1 . Mean age of the entire study population was 61.5 + 11.2 years and the median pacing duration for patients was 56 days (range 14-372). RVOT pacing sites were performed successfully in all 40 patients without significant complication. Echocardiographic determination of RVOT pacing sites could be obtained in all patients who underwent RVOT pacing. Mean three-dimensional echocardiography frame rate was 19.5 + 5.2 frames/s. The characteristics of 3D echocardiographic and fluoroscopic determination of RVOT pacing site are presented in Table 2 .
When pacing sites were categorized as septal or free wall (nonseptal), there were good agreements between echocardiography and CXR (kappa ¼ 0.745) ( Table 3) . However, when RVOT pacing sites were categorized as high septal, non-high septal (low Non-septal ¼ free wall; CXR, chest X-ray; RT3DE, real-time three-dimensional echocardiography.
septal or free wall) in identifying the exact anatomic location of pacing sites, there was only mild agreement between CXR and echocardiography (kappa ¼ 0.275) ( Table 4) . Moreover, when RT3DE was used as the gold standard in identifying the exact anatomic location of RVOT, pacing at the RVOT high septal could only be achieved in 37.5% (n ¼ 15) of patients using RT3DE, but in 65% (n ¼ 26) using CXR, because the RVOT septal pacing lead tip found at high septal by CXR is actually found at low septal or free wall by RT3DE ( Figure 5 ). Table 5 shows the results of the reproducibility analysis of RVOT pacing sites for CXR images and RT3DE data sets. For both high septal pacing and non-high septal pacing, both the inter-observer and intra-observer variabilities were lower for RT3DE-derived determination than for the CXR measurements. Inter-observer variability was greater than intra-observer variability for RT3DE. Both variability values were within 10% with the exception of the inter-observer variability of the CXR high septal pacing site, which was 13%.
Discussion
This was the first study that compared the exact RVOT pacing sites based on direct visualizations by RT3DE with by CXR. The RVOT extends from the CS to the PA and consists of free wall, high septal, and low septal (Figure 1 ), but the CXR is a two-dimensional imaging, so CXR could not take into account the 3D anatomic variations of the RVOT. 7 With more advances of RT3DE in the techniques, probe, and software, it is now possible to display the intracardiac 3D anatomy and function accurately within a reasonable time with the RT3DE. 8 Long-term RV apical pacing is associated with adverse effects on left ventricular (LV) function, presumably due to pacing-induced LV dyssynchrony. 9 RVOT high septal pacing had been advocated as a substitute for RV apical pacing due to a narrower QRS complex and therefore possibly inducing less LV dyssynchrony. 10 However, RVOT was a large and irregular shape in cardiac anatomy (Figure 1) , The heterogenous RVOT pacing group was associated with poorer long-term LV function and greater dyssynchrony than RV outflow tract pacing. 11 High-septal pacing could capture the His bundle, ensure the synchronous ventricular activation and contraction of left and right ventricular. The pacing from the free wall or low septal did not reproduce normal ventricular conduction. 12 Therefore, it is very important that RVOT pacing leads should be located in the RVOT high septum, rather than in the low septal or the free wall.
12
RVOT pacing wires are known to cause a wide array of CXR imaging artefacts that could lead to false interpretation even by an experienced cardiologist. In our study, RVOT high septal pacing implantation techniques by CXR are inaccurate. MRI is a contraindication in patients with pacemaker, therefore, we take RT3DE as a gold standard to compare and analyse RT3DE and CXR in the current study. When RT3DE was used as gold standard, the present study demonstrated that most RVOT pacing Non-high septal ¼ low septal + free wall; CXR, chest X-ray; RT3DE, real-time three-dimensional echocardiography.
wires were located at the RVOT low septal or RV free wall by CXR, and successful implantation in RVOT high septal pacing could be achieved in only 37.5% ( n ¼ 15) of patients using RT3DE, but in 65% (n ¼ 26) using CXR, because the RVOT septal pacing lead tip found at high septal by CXR is actually found at low septal or free wall by RT3DE. Therefore, RT3DE allows to determinate the RVOT high septal pacing sites helpfully.
It is possible that RT3DE may be employed instead of fluoroscopy in order to determinate RVOT pacing sites more correctly in the future.
Study limitations
Transthoracic RT3DE was not used to locate the pacing sites in RVOT pacing operation simultaneously, but in follow-up after RVOT pacemaker was implanted in our study. The further study will demonstrate the beneficial effect of RT3DE imaging to define RVOT pacing sites and will guide to replacement of the pacemaker leads during the operation. Inter-observer and intra-observer variability values (%) ¼ percentage of the mean of two repeated measurements. CXR, chest X-ray; RT3DE, real-time three-dimensional echocardiography.
